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THE TEAM

Maggie Turmel

Specialized in project
management and
building structure.

Hannah del Rosario

Specialized in building
energy and
environment.
Previous degree in
Architectural Design
and Environmental
Studies.

Mihail Mihaylov

Specialization in
building structure.
Previous experience
in the construction
industry.

Youssef El Ouarat

Specialized in building
structure and project
management. Previous
Computer science
degree and IT
professional
experience.

Kishan Gandhi

Specialization in energy

and environment with

previous experience in
mechanical and
structural design.

Bruno Lee

Department supervisor
at Concordia University.

Specialist in Building
Energy Performance.
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Molly Wheelock William Semple Alejandro Cisnero Daniel Baril Samuel Dwore-Palmer
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DESIGN GOALS

Offqr gffordable housing by

7 EI|m|nate thermal
minimizing buildingand .~ =~ = e
shipping cost. .
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Design with respect of the local
and historical culture of the Inuit
community.

Design in accordance with Igaluit’s
arctic climate

All natural or recycled materials.
Zero synthetic Insultation

materials.

G

~oR 'r\—\E‘A

L]
o BUQ

&

R TH,
(€ORTHE )

?)H . \»;6



SITE AND WEATHER

s Precipitation (mm)
- Daily Maximum (°C)

. Dzl Average (°C)
= == == Extreme Maximum (°C)

L B
Joamie Court,
lgaluit, Nunavut
Lat. : 63° 44' 54.9996" N
Long. : 68°31'10.9992” W
- Temperature:-40°C — 12°C [-40°F - 54°F]
e -~~~ Daylight Hours:-4-21hrs
2 ~—_Average Winds: 6m/s{19. 7ft/s]
et N TN N e
s ""'-":" .tg
Wind Rose October to May e Wind Rose April to September
80 ‘ N ] N
& I RN -
30 g o 15-18 \ 0-3
%g:fé - . 12.15 3.6
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DEMOGRAPHICS
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Housing Issue

Crowding

7,429 Total

Population

580 5% Inuit

Population

42% Inuktitut

Speaking

31 Average Age

19% Population with
Highschool Diploma

Inuit Single Non-Aboriginal Identity Population
Identity

Home in need of major

repairs

39.2
354

Percent %

4.3
13.7

60% of Nunavummiut live in public housing

98% of which are Inuit



HISTORICAL CONTEXT

/

Peeling paint
Tupiq - whale bone or drfit wood
structure covered in hydes .
: Rigid-Digit
o : s . - Hiwee Interior damage
"Eskimo mother and baby standing in front of £
Igloo - used in winter while hunting along ice crude shack at Igloolik, April 1958. The baby has
flows. Lined igloo in hydes to block air. nothing on below the waist yet the temperature is
10° below zero. Does this mother appreciate the
effect of this temperature on the baby?" N overcrowded T NS
2 P Matchbox home. ;<

House

i '

Pre—194074 - P 1960s-Present Housing Crisis

The igloo, the Inuit’s most permanent High incidence of respiratory desigase, Implementation of government housing. Im- Housing shortage of 3800 units and
housing, was in a state of imperenance, post-WWII, from exposure to new illnesses. ported design from the South, inadeqaute 35% of existing houses in need of repair.
onice.

8 for climate and culture.
The “Eskimo Mortality and Housing”
report balmed mortality on housing

’ % // B
conditions which ignited the housing" i-

policies imposed on Inuit communities.

E

To properly addess housing issues -
necessary to consider traditional Inuit
practices.

Broken windows
taped and
covered in plastic

Qarmac
- sod house /.
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Architecture
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ARCHITECTURE

Cold Space
=  Quterwear storage
=  Entrance

Architecture
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ENGINEERING

Prefrabricated Envelope Construction Process
Reduced Timeline Step 5 - Roof Panel
* 10-20% Reduction in Site Time ¢ |-Joist Roof Panels

* Construction Year Round
o

¢ Reduced Skilled Labour on Site —
[
(e 1
q

L 1
Controlled Environment Step 4 - Attach Wall Panels To Structure

* C-Joist Wall Panels

/[ \ .

* Reduce Built in Moisture
* Ensure Precision

High Quality Step 3 - Structure
¢ Ensure Precision of Continuous . 1th Shipping Containers
Envelope Layers s Timber

2%

Waste Optimization Step 2 - Floor Panels

i

* |-Joist Floor Panels

Step 1 - Place Foundation
Cost Certainty ¢ Multipoint Frame

fjuﬁ z@l\

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 14



ENGINEERING

I-Joist Roof
>ize= 89x406mm Z N Shipping Container
Spacing = 600mm N O N\ :
_ e W e = \ Weight = 1300 kg

Longest Span =6.12m . Area = 7.44 m2
Dimension = 2.44x3.05m

Multipoint Foundation

Ideal for unstable soil such as
permafrost ground

<

10ft x 8ft containers can support 900kN.

A

13 containers in the assembly

Reduced assembly time.

I-Joist Floors

Size= 89x305mm
Spacing = 400mm

Longest Span =4.7m

No skilled worker or heavy equipment
required

VL it

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis

15



ENGINEERING

Veodty [mis]
46.78

D * 30% Less Wind Load Than a Typical Building

3780
33.60

2 * Anchorage System to Prevent Structure Tilting

0.00 1/2-in galvanized

Min: 0.00 I-;——;]
4%_
6-in square Timber = <

Bearing Pad

Anchor Head 2

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 16
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DURABILITY & RESILIENCE

Envelope Composition

Continuos
‘ _.-- Exterior
‘. ‘ Insulation .
. Air-tight
3 -=" WRB Hemp-lime Plaster
--* Continuous Interior
Airbarrier
Insulated Cavity
Shipping Container
..-” Additional Vapor Barrier
o Plywood as Airbarrier
O _.--"and SmartVapor Barrier
o
L
- ...,.a‘ Vapour
> siis Open
L
A oo
|Vapour st E
Open
=

__..--"[J"/IntetiorWall
. Shipping Container

R-Value Wall: 52.68 [9.29 W/m?]
R-Value Roof: 61.83 [10.89 W/m?]
R- Value Floor: 46.06 [8.11 W/m?]




DURABILITY & RESILIENCE

Condensation Check Wall and Roof Insulation Impact on Indoor Air Temperature Wall and Roof Insulation Impact on Indoor Air Temperature
Winter Summer
-4.25 12.15
/\ 11.95 ZAR
5.25 // \\

-6.25

7

Indoor Air Temperature (°C)

-7.25

Indoor Air Temperature (°C)

\
/

\_/ NN . \\_//
> -8.25
g 10.75
w
g 12345678910111|2_|131415161718192021222324 123456 7 8 910111213 141516 17 18 19 20 21 22 23 24
8 ours Hours
—— R9R11 ———R11R14 —— R9R11 ———R11R14

Water content in critical layer of the assembly according to time

35
30 — plywood roof
—— Plywood wall
x 25 TN \‘—’/—-
= > — Cellulose roof
c
5 20 SN
= Cellulose wall
*  Hemp-Lime Plaster 1” §
) * Fiberglass Lath 5 15 Woodfiber roof
Thickness (mm) . . “ ®
w Pw *  Wood Fiber Insulation 1 ‘;“ Woodfiber wall
e Shipping Container 0 e ————
*  Plywood 5/8” - —_— e
e C-joist, 12”, with Cellulose Insulation 24"o.c.
*  Wood Fiber Insulation 3” 0
* Mento Plus Air Barrier 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

e Horizontal and Vertical Furring 2x3/4”

: : Time (h)
e Vertical Metal Cladding

Architecture | Engineering | | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 19



DURABILITY & RESILIENCE

Continuous Durable

Simpson Bracket and Air Barrier
taping at Panel
Connection

Metal Blocking Strip
for Unvented Roof

Water Proof
Membrane at
Roof Edge

Continuous
Insulation

<259° -201° -142° -83° .25° ).4‘] 93° 15.1° 21.0°

Continuous Hemp
Plaster Air Barrier

Shipping Container
Vapor Barrier

304mm (12") C-Joist Cellulose
Wall Panel | Insulation
Thermally Broken / ShlpplAng
\ / Container
Washer A y
_ 4 Hemp
: 218: Plaster
-25.2 || {l 206

Color Legend

-25.6° -19.8° -14.0° -83° -25° 33° 91° 149° 207°
|

Insulated
Steel Spacer

Color Legend

2220 -169° -115° 61° 070 46° LA 208
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Triple Pane Double
Low-e Coating
Argon Fill
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Material Sources

Anchorage
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Material Embodied Carbon

5,000 —

4,000 5

3,000

2,000

1,000

Closed cell spray
foam (HFC)

Mineral wool

EPS
Open cell Spray foam

Blown in fiberglass
e Cellulose

FETTTT T HempCl’ete

seeesesssses s vr00d Fiber

Embodied carbon (KgC02e)

The Carbon Intensity of Electricity Generation
1,001

Figure in CO,eg/kWh
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COMFORT & ENVIRONMENTAL QUALITY

Hybrid Power and Heating System

Vegetable Oil
Bioethanol
Heating Oil

Natural Gas
Coal
Biomass
Biogas

Municipal Waste

Reduced
energy
demands

Engine/Generator  Gas Turbine/Generator

i
0

Fuel Cell

[ co.

Wi

Reduced GHG
by 30%
annually

Heat + Power

Steam Turbine/Generator

S

Up to 90%
energy efficient

On site energy
generation

Storage Battery (DC)

PV (DC)
e 26.6kWh 7
e Built into Hybrid .
Inverter

e Lastup to 30hrs
Hybrid Inverter

615W/Module .

Wind Small Turbine (AC)

e 1.7kW System o 3kW

Operate in all weather conditions

Electricity Grid

Net Metering (Emergency Only)

DualCore ERV
* Upto90% Sensible +

70% latent recovery @
e Operating down to -

31°F
* 150-300CFM

® |DHW Tank
* 45gallon
(170L)

1111

@

[

Cold Climate Air-to-water ASHP

e Operating conditions down to -31°F
* Primary Heating

e 30kw

e 4.25COP

o

vuvwe

Hydronic Heating System

*  Uniformly distributed heating

* Propylene Glycol — Water to
prevent freezing

Vegetable oil-fired mCHP
Microturbine Generator

* Renewable energy

* Efficient heat and power
* Supplementary Heating
e 12kW (Electric)

* 26 kW (Thermal)

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 24



Mechanical Ventilation: DualCore ERV

100 30
90 28
.————4""—"\—0—0—4__4&
80 ——— - 26
3 \\*/o -
= 70 = 24
w . = )
2 60 et 2
w T
S 50 ] 20 2
=t —e 2 40 _/ F 18 o
' ; © Q
] L £
& 30 ./ 16 &
20 --Sensible effectiveness r 14
-+Total effectiveness |
: 10 |——— -=Supply temperature | 12
;vl\—ﬁ 0 ' ' A ' 1 1 A ' 1 1 10
-40 -35 -30 -25 -20 -15 -10 -5 O S 10 15 20
Bl Diffuser/Exhaust Outdoor Temperature (°C)
I Supply Duct/Runout
I Exhaust Duct/Runout
Exhaust Fans -
DualC ERV Diffi d Grill Bathi Exh t F Kitchen R: Hood Flexible Ducti PVC . . .
Tempeff. ipércl Premits pirking e pirking O oo e Exceeds ASHRAE 62.2 recommendation for ventilation
RGSP 450 Round Air Diffuser ASHRAE 62.2. Approved ASHRAE 62.2. Approved 6000 CFM ° . .
150-300 cfm 46" 75 cfm 270cfm *  Operates below -35°C without reducing thermal performance
based on Nunavut Case Study
& (“ = S * Demand Controlled Ventilation to increase energy efficiency
a | *  Connected to CO2 sensors

P | . Preheat Coil for outdoor air



Plumbing & Hydronic In-Floor Heating

mmm DHW ;
== DCW T A
mm VENT mmmm Radiant Heating \\\77 g
Valves Sinks Pipes Conservation of water:
Aqua-Dynamic Brass Full Port Ball Blanco 402067-PRECIS U1 Low Divide System 15® PVC DWV E Touchless Electronic Faucet
Valve, Assorted Sizes Undermount Sink, SILGRANIT, Cinder With Temperature Control Lever
y West Bedroom Office 1 22.2 [72.0] 42.7
) ® ® v
— West Bedroom Office 2 21.8 [71.3] 43.4
West Bathroom 1 21.4 [70.4] 443
| Design information | West Kitchen and Living Space 21.9 [71.3] 55.5
East Bedroom Office 1 22.2 [71.9] 42.2
Piping Span 0.3 m (11.8in or 12in) .
: _ _ East Bedroom Office 2 21.8 [71.2] 42.9
Pipes diameter 0.51n
Fluid 50% Propylene Glycol East Bathroom 1 21.3 [70.4] 44.4
Best material Schedule 80 PVC or PEX East Kitchen and Living Space 21.8 [71.3] 55.8
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COMFORT & ENVIR

Daylight and Lighting

1000

875

750

625 ~
500 =
375

250 -

lluminance
4% Sept. 21 7:00

|

lluminance

& June 21 7:00

Illuminance
& Jjune 21 19:00 -
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Copper Lighting Solutions

* Array of High Lumen LEDS, 100W

* Luminaire Efficiency Rating (LER) 100
* Max 513.3 Candela at OH OV

e 1000 Lumen //\ T

« 3000KCCT / %
*  90CRI (

“) . . . .
- Artificial Lighting



OCCUPANT EXPERIENCE
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OCCUPANT EXPERIENCE

Relative humidity and air quality challenges

i

DualCore ERV
Tempeff RGSP 450
150-300 cfm

Hemp Plaster
Interior Finish
and Thermal Mass
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OCCUPANT EXPERIENCE

Occupant Experience
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OCCUPANT EXPERIENCE

Occupant Experience
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INTEGRATED PERFORMANCE

Indoor Air Temperature (C)

Window to Wall Ratio

Optimal Window-to-Wall Ratio Simulation Summer

Summer S20, E/W20, N12 %

Summer S25, E/W20, N12 %

Summer S25, E/W20, N8%

Summer S25, E/W25,N12 %

Summer S35, E/W20, N12 %

//
=

— ~—

T

10.5

10

9.5

2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hours

North Peak Heating Design Heating
Case WWR Load (kW) Load (1.25) {kW)
12 21.07 26.34
8 21.01 26.26
12 21.15 26.44
12 21.04 26.30

Indoor Air Temperature (C)

Indoor Air Temperature (C)

133

12.8

123

11.8

113

10.8

103

-4.5

R TH,
(¢ORTHE

O,
&

RoR THe ™

%
N o \Aib

RO

Thermal Mass

Hempcrete and Plaster Effect on Indoor Air Temperature Summer

Concrete 0.1m+Gypsum Concrete 0.1m+Hemp Plaster Hempcrete 0.2m +Hemp Plaster

Hempcrete 0.4m+Hemp Plaster

Hempcrete 0.3m+Hemp Plaster

Hempcrete 0.1m+Hemp Plaster

//

7
———

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hours

Hempcrete and Plaster Effect on Indoor Air Temperature Winter

Concrete 0.1m+Gypsum Concrete 0.1m+Hemp Plaster

Hempcrete 0.2m +Hemp Plaster

Hempcrete 0.4m+Hemp Plaster Hempcrete 0.3m+Hemp Plaster Hempcrete 0.1m+Hemp Plaster

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hours
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INTEGRATED PERFORMANCE

SD3 Small Wind Turbine

* Continuous energy generation + storage during
winter

* Northwest independently mounted (6m)

* Self-regulating blades to improve efficiency

* Withstand up to 70m/s wind speeds

* High performance in all weather conditions.

* SD6 used in

for northern Canadian climates

December 21

\\Q TS

Integrated Performance



INTEGRATED PERFORMANCE

CanadianSolar HiKu7 Mono PERC

* Monocrystalline solar cells to maximize efficiency
per area on south wall/roof

e Capture up to 24hrs of sunlight during peak summer

* Heavy snow load up to 5400 Pa + wind load up to
2400 Pa

* Up to 20.5 % module efficiency

for northern Canadian climates

\ ”
> CanadianSolar

December 21

Integrated Performance
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INTEGRATED PERFORMANCE
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CanadianSolar EP CUBE Energy Storage

Smart Gateway + Hybrid Inverter + Battery Storage

Prioritize and manage energy without interruption

Battery storage provides up to 30 hrs of power.

Stable overall performance and longer service life

lithium batteries

December 21

Integrated Performance






ENERGY PERFORMANCE

Renewable Energy Design
Crude Vegetable Oil

Extraction Refining

Seeds

=&

Solar Energy Heat + Power

Refined Vegetable Oil

Alcohol

oilcrops BEATE S —
o ?} NG i |15 Transesterification ’
..
CO2 Produced \ Q
Glycerol
CARBON-NEUTRAL RENEWABLE COOKING OIL RECYCLING BIO

CANOLA OIL BIOFUEL FOR MCHP Biodiesel
mCHP

UP TO 90% REDUCTION IN LIFECYCLE GHG
EMISSIONS COMPARED TO FOSSIL DIESEL

preaesmy

.

»

Photosynthesis
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ENERGY PERFORMANCE

Waste Vegetable Oil for mCHP

Kinematic Viscosity

—@— Diesel Fuel

X —(— Rapeseed Oil Fuel

—

-20 -10 ©

0l 20—p— —

U
W C)__C)___- —

10 20 30 40 50 60 70 80 90 100 °C 120
Temperature

Source of Waste cooking oil Quantity

Annual use of canola cooking 120001lb
oil per restaurant (1458gal/5520L)
15 Igaluit restaurants 83 000L
(21926 gal)
A single family of 4 1.5L/month
(0.4gal/month)
Canola oil/person 4.5L/year
(1.2gal/year)
Waste cooking oil from 36 000L/year
lqaluit population of (9510gal/yr)
8000
Total estimated recovered 119,000L/yr
waste cooking oil from (31437gal/yr)
Iqaluit

@& [

AT LEAST 17 BUILT
FOR THE NORTH

REDUCE THE COST LOCAL USED COOKING
OF EXPORTED
HOUSING UNITS FUEL

OIL RECYCLED

Energy Performance



ENERGY PERFORMANCE

HERS®

EUI COMPARISON TO CANADIAN NATIONAL AVERAGE

Index
1 Energy Efficient Igaluit Test House (24.3m2) © Avg House in Quebec (56m?2)
& & 1 Avg. House in Ontario (56m2) 7 Built For The North (144m2)
Existing
Homes M EnergyStar Portfolio (Multi-family Housing)
300 272
DESIGN HEATING LOAD: HEATING DEMAND: =
20KW 34,503 KWH/YR New Home 250 231 g 228
(68,243 BTU/HR) (117,729 KBTU/YR) 200 -
Z
(o]
70 § 150
>
100
Q Design Home HERS
L ” Score: 42 50
(Without
Renewables)
0
SITE ENERGY: SOURCE ENERGY: Energy Efficient Avg House in Avg. House in Built For The North EnergyStar Portfolio
234 KWH MZ. 208 KWH/M2 Igaluit Test House  Quebec (56m2) Ontario (56m2) (144m2) (Multi-family
/ 2 Design Home HERS (24.3m2) Housing)
(74 KBTU/FT2YR) (66 KBTU/FT?YR) - o NetZero
Home

(Renewables)

¥

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis
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ENERGY PERFORMANCE

BASELINE ANNUAL ENERGY CONSUMPTION TYPICAL IQALUIT HOME ANNUAL ENERGY
COMPARISON FOR IQALUIT NEW HOMES SOURCE COMPARISON
1 Detached two-storeys house (120m2) [Diesel] = Built For North House - Duplex Unit (144m2) [Vegetable oil] u Average Two Single Detached Home (120m2) # Built For the North -Duplex (144m2)
45373 50000 45373
45000
40000 33947
35000
£ 30000
< 25000
E 20000
15000 9866
10000 8000
= m B
0 B
Diesel (Fuel) Vegetable Oil Solar Wind (3kw mCHP Electricity
Fuel Energy (kWh) Heating Fuel (Litres) Electricity Demand (kWh) (Biofuel) (615W§pa2n)el) (3x TW:\’/;"Z) ISD3 G‘z:;;w)"n
m ode

AVERAGE ANNUAL COST IF CONNECTED TO GRID

20000 19043
18000
16000
14000
12000
10000
8000

CAD $/yr

5691
6000

4000
2000

0

Average of two Single Detached Home (120m2) Built For the North -Duplex (144m2)

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 42



ENERGY PERFORMANCE

MONTHLY ELECTRICAL DEMAND AND PV+WIND+MCHP GENERATION

» Electricity Demand PV Generation PV + Wind Generation PV+Wind+mCHP Generation

3500

3000

2500

2000

1500 PV+WIND+mCHP

1000

kWh

500

JA

-500

-1000

-1500

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 43



ENERGY PERFORMANCE

DAILY SUMMER ELECTRICAL DEMAND AND GENERATION DAILY WINTER ELECTRICAL DEMAND AND GENERATION
4 6
W Electricity Demand PV + Wind Generation PV = Wind I Electricity Demand PV Wind mCHP PV+Wind+mCHP
5
3
PV+WIND+mCHP

PV+WIND

kWh
kWh

ELECTRICAL DEMAND

ELECTRICAL DEMAND

Architecture | Engineering | Durability & Resilience | Embodied Carbon | Comfort & Environmental Quality | Occupant Experience | Integrated Performance | Energy Performance | Market Analysis 44
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MARKET ANALYSIS

Social/Cultural

Feasibility

Extreme Climate

High Carbon Footprint

Fossil fuel Dependence

Quality of Life

Housing Optimization

Energy Consumption and

Waste

Socioeconomic barriers
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<
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RO
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O
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Architecture

Engineering

Occupant Experience

Market Analysis
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MARKET ANALYSIS

Total Construction Cost: $632,250

Other, solar panels,
batteries...,
$75,000.00

Installing major
system, $90,000.00

Exterior Finishes
includes windows

Clearing land,
$7,500.00

Multipoint
foundation,

$45,000.00
Framing the house

(columns, beam,
studs, flooring),
$95,000.00

Prefabricated wall
and roof panels,
$125,000.00

and doors,
$115,000.00
Interior Finishes,
$85,000.00
Annual Grid Savings| Payback Period for $36,225 Renewable Energy Investment
($) (Years)
Government Residential (50.9339/kWh) 8814.15 4.1
Non-Government Residential (50.6152/kWh) 5422.46 6.7

Market Analysis
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Thank you

Any Questions?
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